Introduction {#sec0005}
============

Historically, the parameters of tunnel positioning in single-band reconstruction of the anterior cruciate ligament (ACL) have been adjusted and modified in search of an ideal clinical result. The isometric positioning in the sagittal plane has been the main concern in initial intra-articular ACL reconstructions. It was determined that the isometric zone on the femur would be smaller than that of the tibia, which remains the same for a point located both in the anterior and posterior edge of ACL insertion.[@bib0155], [@bib0160], [@bib0165] An eccentric positioning in the tibia, *i.e.*, in the most anteromedial portion of ACL insertion, as well as the positioning in the center of ACL insertion, was recommended for ACL reconstruction by some authors.[@bib0170], [@bib0175] Howell et al.,[@bib0155] with the transtibial technique, associated the positioning in the center of ACL insertion on the tibia with intercondylar roof impingement. Therefore, for a long time, it was recommended that the graft was positioned in the posteromedial insertion area on the tibia and in the posterior insertion area on the femur.[@bib0180], [@bib0185], [@bib0190]

The concern with residual rotational instability in ACL reconstruction is more modern. Loh et al.[@bib0195] demonstrated that femoral positioning at 10 o'clock presents a more effective resistance to rotational loads than the positioning at 11 o'clock. Pinczewski et al.[@bib0180] correlated the radiographic positioning of the tunnels and the angle of the graft with clinical results and established the ideal radiographic parameters for a better long-term result. They also demonstrated a relation between verticalization of the graft and an increased incidence of positive pivot-shift and radiographic abnormalities.[@bib0180]

There are controversies regarding whether the transtibial technique would allow for a more horizontal positioning of the femoral tunnel; many authors recommend the two-incision technique[@bib0200] or creating the femoral tunnel through the anteromedial portal. Although several studies have correlated the positioning of the femoral tunnel with clinical and biomechanic results, no studies correlating positioning with the isometricity obtained in the intraoperative period were retrieved in the literature.

This study aimed to compare the radiographic tunnel positioning, graft inclination, graft isometricity in the intraoperative period, and the final functional result of single-band ACL reconstruction using the transtibial or the two-incision techniques.

Methods {#sec0010}
=======

This was a prospective study with block randomization, including 40 patients who consecutively underwent ACL reconstruction from December 2009 to October 2011. All patients were operated on using the single-band technique, with semitendinosus and gracilis tendon grafts and metal interference screw fixation. The femoral tunnel was made through two techniques: transtibial (group 1: 20 patients) or two-incision (group 2: 20 patients).

Patients from group 1 underwent surgery from December 2009 to December 2010, and those from group 2, from December 2010 to October 2011.

The inclusion criteria were: patients with no other ligament injuries; no mechanical axis alignment abnormalities; age 18--45 years old; no complications during the post-operative period, such as arthrofibrosis and deep infection; no history of prior knee surgeries, in accordance with the free and informed consent form; and Tegner activity level ≥4 prior to the injury.[@bib0205], [@bib0210], [@bib0215]

The exclusion criteria were: patients who reported pregnancy, left the study, or asked to be excluded; those who did not return for the X-rays and IKDC assessment; and those who did not follow physiotherapy rehabilitation in accordance with the rehabilitation protocol. According to these criteria, eight patients were excluded, six from group 1 and two from group 2.

All patients were assessed between eight to 22 months (mean of 13) after the surgery. Two orthopedic surgeons (knee specialists) who had not participated in the surgical procedure were asked to assess the patients; the surgical wound was covered with crepe bandages during examination, so that the surgeons could not identify the incisions.

The statistical tests were conducted using a significance level of 5% (*p* \< 0.05).

This study was approved by the institution\'s Research Ethics Committee under No. 1440/11.

Radiographic assessment {#sec0015}
-----------------------

The radiographic assessment was conducted with unmarked X-rays, which were independently examined by two trained authors/investigators; the measurements were compared and, in case of disagreement, a third trained investigator was consulted, to ensure reliability in the radiographic analyses.

X-rays were taken between six months and two years after the surgery. The following radiographic views were used for the evaluation: anteroposterior (AP), lateral (L), and tunnel view with 30° flexion. The positioning of the center of the femoral tunnel in the lateral X-ray was performed by measuring the length of the Blumensaat\'s line; the anterior and posterior edges of the tunnel were identified and the center of the femoral tunnel was determined. Next, the position of the center of the tunnel was expressed as a percentage of the length of the Blumensaat\'s line from its anterior limit ([Fig. 1](#fig0005){ref-type="fig"}A and B).[@bib0220], [@bib0225]

The femoral tunnel positioning was assessed at the tunnel-view X-ray as a percentage of the width of the tibial plateau from the medial edge, as described by Khalfayan et al.[@bib0230] ([Fig. 2](#fig0010){ref-type="fig"}A and B).

The positioning of the tibial tunnel was measured at the lateral X-ray; the length of the tibial plateau and the anterior and posterial edges of the tunnel relative to the tibial plateau were determined. The center of the tibial tunnel was expressed as a percentage of the length of the tibial plateau ([Fig. 1](#fig0005){ref-type="fig"}A and B).[@bib0235] At the AP X-ray, the total length of the tibial plateau was measured and the medial and lateral edges of the tunnel were determined. The position of the center of the tibial tunnel was expressed as a percentage relative to the total length of the tibial plateau ([Fig. 2](#fig0010){ref-type="fig"}A and B).

The inclination of the graft was measured in accordance with the method used by Pinczewski in AP tunnel-view X-ray with 30° of flexion.[@bib0180] The angle formed by the line that connects the medial wall of the femoral tunnel to the medial wall of the tibial tunnel with the line of the tibial plateau defines the inclination of the graft ([Fig. 3](#fig0015){ref-type="fig"}A and B).

Surgical technique {#sec0020}
------------------

The reconstruction using the transtibial technique was performed through a small incision in the flexor tendons (semitendinosus and gracilis) insertion region, with their harvesting and preparation of the quadruple graft. Then, the tibial tunnel was made with help of a guide ([Fig. 4](#fig0020){ref-type="fig"}A). The entry of the tunnel was adjacent to the medial collateral ligament. Subsequently, the femoral transtibial guide was positioned ([Fig. 4](#fig0020){ref-type="fig"}B) and the surgeon sought the most anatomical point for creating the femoral tunnel. After making the tunnels, the graft was passed through them in a retrograde fashion; it was firstly fixed in the femur with an interference screw through a small lateral approach, and then fixed in the tibia with the knee in 30° of flexion, discreet valgus stress, and discreet external rotation of the tibia with another interference screw. Subsequently, the ligament tests (Lachman and anterior drawer) were performed to assess stability.

The reconstruction through the two-incision technique (Chambat) was done in the same way as the previous technique; the only difference was in making the femoral tunnel, which was drilled using a outside-in guide (Chambat) ([Fig. 5](#fig0025){ref-type="fig"}).[@bib0200], [@bib0240]

Graft isometricity assessment in the intraoperative period {#sec0025}
----------------------------------------------------------

After the femoral fixation of the graft, repeated flexion-extension of the knee was performed for its accommodation. Subsequently, isometricity was assessed using an intraoperative maneuver starting by applying traction on the distal end of the graft on maximum flexion. A thin mark at the level of the anterior edge of the tibial tunnel was made on the graft with methylene blue. The knee was brought to complete extension, when which a new mark was made. With the help of a ruler, the authors measured whether or not the graft moved. The procedure was conducted as quickly as possible to avoid diffusion of the pigment through the graft tissue, in order to ensure better precision of the marking.

Clinical/functional evaluation {#sec0030}
------------------------------

IKDC, Lysholm Knee Scale, and Tegner score were used for functional and clinical evaluation.[@bib0205], [@bib0210], [@bib0245], [@bib0250], [@bib0255], [@bib0260]

Examination was performed independently by two orthopedic surgeons (knee specialists). The results were compared; in case of disagreement a third trained investigator was consulted to ensure reliability in the clinical analyses.

Statistical analysis {#sec0035}
--------------------

The Mann--Whitney *U* test was used for the comparisons between groups 1 and 2 regarding age, time between injury and surgery, tunnel positioning, graft thickness, graft inclination in the coronal plane, isometricity, IKDC, Lachman and pivot-shift maneuvers, and Lysholm and Tegner scores.

The relation between the variables was analyzed with Spearman\'s correlation coefficient.

Statistical analyses were performed with Statistica version 8.0.

The significance level was set at 5% (*p* \< 0.05).

Results {#sec0040}
=======

There was no difference between both groups regarding age (*p* = 0.8), time between injury and surgery (*p* = 0.78), level of activity (Tegner) before injury (*p* = 0.62), and Lysholm score before surgery (*p* = 0.61).

One patient from group 2 presented graft rupture and was excluded from the analyses of functional results (IKDC, pivot-shift and Lachman exams, and post-operative Lysholm and Tegner scores), and eight patients (six from group 1 and two from group 2) did not return for clinical and radiographic evaluations.

Positioning of the femoral tunnel and tibial tunnel in AP and L X-rays {#sec0045}
----------------------------------------------------------------------

The mean positioning of the femoral tunnel in the AP X-ray in group 1 was 54.6% (SD 4.1) and in group 2, 60.8% (SD 4.5; *p* = 0.0004; [Table 1](#tbl0005){ref-type="table"}).

The mean positioning of the femoral tunnel in the L X-ray in group 1 was 68.4% (SD 10.9) and in group 2, 58% (SD 9.9; *p* = 0.0005; [Table 1](#tbl0005){ref-type="table"}).

Regarding the tibial tunnel, there was no difference between both groups.

Graft inclination {#sec0050}
-----------------

In group 1, mean graft inclination was 19° (SD 3.7) and in group 2, 27.2° (SD 5.7; *p* = 0.0005; [Table 2](#tbl0010){ref-type="table"})

Isometricity of the graft {#sec0055}
-------------------------

There was no difference between both groups ([Table 2](#tbl0010){ref-type="table"}).

Functional results -- IKDC and Lysholm {#sec0060}
--------------------------------------

There was no difference between both groups regarding IKDC ([Table 3](#tbl0015){ref-type="table"}), as well as post-operative Lysholm and Tegner scores ([Table 4](#tbl0020){ref-type="table"}).

Analysis of Lachman and pivot-shift maneuvers {#sec0065}
---------------------------------------------

There was no difference between both groups for Lachman maneuvers (*p* = 0.87).

Group 2 presented better results for pivot-shift maneuver when compared with group 1 (*p* = 0.04; [Table 5](#tbl0025){ref-type="table"})

Correlation of tunnel positioning with functional results {#sec0070}
---------------------------------------------------------

In both groups, the individual parameters of tunnel positioning (AP femoral tunnel, L femoral tunnel, AP tibial tunnel, L tibial tunnel) were not correlated (*p* \> 0.05) with functional results (IKDC, pivot-shift and Lachman maneuvers, and Lysholm and Tegner score).

Correlation of graft inclination in the coronal plane with functional results {#sec0075}
-----------------------------------------------------------------------------

Within group 1, higher graft inclination was significantly correlated with Lysholm score (*r* = 0.62, *p* = 0.02).

Within group 2, higher graft inclination was associated with better IKDC results and was significantly correlated with IKDC functional test (*r* = 0.56, *p* = 0.02).

When analyzing both groups together, graft inclination was significantly correlated with pivot-shift maneuver (*r* = 0.38, *p* = 0.04).

Correlation of isometricity with tunnel positioning, inclination, and functional results {#sec0080}
----------------------------------------------------------------------------------------

Within group 1, higher graft isometricity was associated with better IKDC results and was significantly correlated with pivot-shift maneuver (*r* = 0.59, *p* = 0.03), functional test (hop test; *r* = 0.64, *p* = 0.01), and final IKDC (*r* = 0.67, *p* = 0.009).

Within group 2, higher graft isometricity was only significantly correlated with subjective IKDC (*r* = 0.58, *p* = 0.01).

When analyzing both groups together, higher graft isometricity was significantly correlated with subjective IKDC (*r* = 0.53, *p* = 0.02) and functional test (*r* = 0.36, *p* = 0.04).

There was no correlation of isometricity with graft inclination (*p* \> 0.05).

Within groups 1 and 2 and in the analysis of both groups together, graft isometricity was not correlated with tunnel positioning (*p* \> 0.05).

Within groups 1 and 2 and in the analysis of both groups together, among the patients with ideal isometricity (\<2 mm), tunnel positioning was not statistically different from the other patients (*p* \> 0.05).

Discussion {#sec0085}
==========

The two-incision technique for ACL reconstructions was developed before the transtibial technique, which became more used due to the convenience of a single incision during the arthroscopic procedure.[@bib0240] Currently, the two-incision technique has regained popularity due to the possibility of femoral tunnel positioning regardless of the angle of the tibial tunnel, aiming to position the graft anatomically (at the center of the proximal ACL insertion).[@bib0200] There are controversies regarding whether it is possible to anatomically position the femoral tunnel in the transtibial technique, since in the anatomical positioning of the tunnel the graft is tilted (more horizontal), hindering its achievement using this technique.[@bib0195]

In the present study, the authors preferred the transtibial technique to make the femoral tunnel due to its anatomical location. The tibial guide was positioned more medially, so that the entry of the tunnel was closer to the medial collateral ligament.[@bib0265] However, it was observed that the positioning of the femoral tunnel was significantly different comparing both techniques, probably due to the difficulties previously described. In the two-incision technique, the femoral tunnel in AP X-rays was more lateral; in L, it was more anterior; and in tunnel-view, more inclined. The authors believe that this positioning is indeed more anatomical.

The functional results did not demonstrate difference between both techniques. Nonetheless, in the isolated evaluation of the pivot-shift maneuver, the two-incision technique presented significantly better results, possibly for better reproducing the ACL anatomy. The better rotational control obtained in the two-incision technique took place without compromising the control of anteroposterior stability, which confirms what has been reported in the literature.[@bib0270] To the best of the authors' knowledge, to date, only biomechanical[@bib0275], [@bib0280] and retrospective[@bib0285] studies have demonstrated the superiority of the anatomical reconstruction regarding rotational control, and this has not yet been reported in a randomized clinical trial.

For a long time, in the transtibial technique, isometricity was considered fundamental to ACL reconstruction; obtaining an isometric point was associated with a tunnel positioning in the insertion area of the posterolateral band in the tibia and anteromedial band in the femur. With anatomical reconstruction, the positioning in the center of the insertion area gained importance. Regarding graft isometricity, the present study did not observe statistically significant differences between both techniques. This finding is in agreement with recent studies, in which the gliding on maximum extension was similar in both techniques.[@bib0290], [@bib0295], [@bib0300]

In both groups, graft inclination was correlated with functional results; when assessed together, the higher the graft inclination, the better the pivot-shift result. This confirms the hypothesis that anatomical positioning and higher graft inclination leads to a higher rotational stability.

The authors believe that absence of graft isometricity may cause slackening after repetitive movements of flexion-extension. In the transtibial group, it was observed that patients with worse isometricity presented worse functional results, even in the pivot-shift maneuver. In the two-incision group, worse isometricity was only correlated with subjective IKDC; the authors believe that it is due to the anatomical positioning of the graft in this technique.

The limitations of the study are associated with its small sample and short follow-up time for clinical evaluations. KT-1000 evaluations were not performed.

Conclusions {#sec0090}
===========

The two-incision technique allowed for a more lateral and anterior positioning of the femoral tunnel, and for higher graft inclination, presenting better clinical result in the pivot-shift maneuver. No differences in isometricity and functional results were observed in the short follow-up period.
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![(A, B) Measurement of the femoral and tibial tunnel in lateral X-ray in the transtibial and two-incision techniques, respectively.](gr1){#fig0005}

![(A, B) Measurement of the femoral and tibial tunnel positioning in the transtibial and two-incision techniques, respectively.](gr2){#fig0010}

![(A, B) Measurement of graft inclination using the Pinczewski method in the transtibial and two-incision techniques, respectively.](gr3){#fig0015}

![(A, B) Tibial and femoral guides for the transtibial technique.](gr4){#fig0020}

![Femoral guide used in the two-incision technique.](gr5){#fig0025}

###### 

Mean values of tunnel positioning, expressed as percentage and standard deviation (SD), in groups 1 and 2.

Table 1

                          Mean (SD)     *p*-Value (Mann--Whitney)   
  ----------------------- ------------- --------------------------- --------
  AP femoral tunnel (%)   54.6 (4.1)    60.8 (4.5)                  0.0004
  L femoral tunnel (%)    68.4 (10.9)   58.0 (9.9)                  0.005
  AP tibial tunnel (%)    45.4 (6.4)    45.2 (4.9)                  0.11
  L tibial tunnel (%)     43.5 (9.3)    38.1 (9.8)                  0.12

AP, measurement performed in anteroposterior X-ray; L, measurement performed in lateral X-ray.

###### 

Mean values and standard deviation (SD) of graft inclination and isometricity in groups 1 and 2.

Table 2

                          Mean (SD)    *p*-Value (Mann--Whitney)   
  ----------------------- ------------ --------------------------- --------
  Graft inclination (°)   19.0 (3.7)   27.2 (5.7)                  0.0005
  Isometricity (mm)       0.96 (0.8)   1.33 (1.6)                  0.69

###### 

Results of the International Knee Documentation Comittee (IKDC) score in groups 1 and 2.

Table 3

                             Group 1 -- transtibial   Group 2 -- two-incision   *p*-Value (Mann--Whitney *U*)
  -------------------------- ------------------------ ------------------------- -------------------------------
  *Subjective IKDC*                                                             
   A                         12 (85.7%)               11 (64.7%)                0.16
   B                         2 (14.3%)                4 (23.5%)                 
   C                         0 (0.0%)                 2 (11.8%)                 
                                                                                
  *IKDC range of movement*                                                      
   A                         10 (71.4%)               6 (35.3%)                 0.09
   B                         3 (21.4%)                11 (64.7%)                
   C                         1 (7.2%%)                0 (0.0%)                  
                                                                                
  *IKDC ligament exam*                                                          
   A                         2 (14.3%)                6 (35.3%)                 0.19
   B                         12 (85.7%)               11 (64.7%)                
   C                         0 (0.0%)                 0 (0%)                    
                                                                                
  *IKDC final*                                                                  
   A                         2 (14.3%)                3 (17.6%)                 0.96
   B                         11 (78.6%)               12 (70.6%)                
   C                         1 (7.1%)                 2 (11.8%)                 

Obs: The "D" score was not observed in any of the groups.

###### 

Mean and standard deviation (SD) of the post-operative Lysholm and Tegner scores in groups 1 and 2.

Table 4

                                 Group 1 -- transtibial mean (SD)   Group 2 -- two-incision mean (SD)   *p*-Value (Mann--Whitney\'s *U*)
  ------------------------------ ---------------------------------- ----------------------------------- ----------------------------------
  Post-operative Lysholm score   96.6 (4.5)                         94.6 (4)                            0.09
  Post-operative Tegner score    5.9 (1.4)                          5.2 (1.9)                           0.32

###### 

Comparative results of the Lachman and Pivot-Shift maneuvers in groups 1 and 2.

Table 5

                  Group 1 -- transtibial   Group 2 -- two-incision   *p*-Value (Mann--Whitney\'s *U*)
  --------------- ------------------------ ------------------------- ----------------------------------
  *Lachman*                                                          
   0--2 mm        7 (50%)                  8 (47.1%)                 0.87
   3--5 mm        7 (50%)                  9 (52.9%)                 
   6--10 mm       0 (0.0%)                 0 (0%)                    
                                                                     
  *Pivot shift*                                                      
   Negative       4 (28.6%)                11 (64.7%)                0.04
   + glide        10 (71.4%)               6 (35.3%)                 
   ++ clunk       0 (0%)                   0 (0%)                    
